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4.  Body  of  the  report 


A.  Problem  Studied: 

The  goal  of  this  project  is  to  develop  new  catalysts  and  organisms  that 
will  be  capable  of  enhancing  in  situ  bioremediation.  Our  approach  is  to 
prepare  site-specific  mutants  of  the  P450  monooxygenase  enzyme  P450 
102  (BM-3)  from  the  soil  bacterium  Bacillus  megaterium  that  possess  the 
ability  to  catalyze  transformations  of  recalcitrant  organic  compounds 
that  are  hazardous  environmental  contaminants.  In  this  investigation  we 
focused  our  effort  on  designing,  producing.  Purifying,  and  studying  site- 
specific  mutants  of  the  wild  type  (nonmutated)  P450  102  that  can 
catalyze  the  oxidation  of  polycyclic  aromatic  compounds  (PAHs)  such  as 
benzo[a]pyrene  and  mutants  that  can  catalyze  the  reductive  dechlorination 
of  organochlorine  compounds  such  as  pentachloroethane. 

B.  Summary  of  Most  Important  Results: 

•  We  produced  a  site-specific  mutant  of  the  soluble  P450  102  from 
Bacillus  megaterium  (F87G)  that  converts  the  P450  102  from  a  fatty 
acid  hydroxylase  into  a  PAH  hydroxylase  capable  of  metabolizing 
pyrene  and  benzo[a]pyrene. 

•  We  demonstrated  that  when  the  gene  for  the  P450  102  F87G  mutant 
ins  transfected  into  the  aquatic  bacterium  Caulobacter  crescentus 
this  organism  becomes  capable  of  metabolizing  an  aqueous  solution 
of  the  PAH  pyrene. 

•  We  discovered  that  the  P450  102  F87G  mutant  initially  catalyzes 
the  conversion  of  pyrene  to  1-hydroxypyrene  and  then  catalyzes  the 
further  conversion  of  1-hydroxypyrene  to  oxidation  products  that 
generate  autocatalytic  oxidation  of  NADPH. 

•  We  produced  a  second  site-specific  mutant  of  P450  102  from 
Bacillus  megaterium  (A328V)  that  catalyzes  the  rapid  oxidation  of 
pentachloroethane.  It  is  significant  that  this  P450  102  mutant,  in 
contrast  to  mammalian  forms  of  P450  that  metabolize 
chloroalkanes,  is  not  inactivated  by  the  pentachloroethane  oxidation 


products. 

•  We  produced  double  site-specific  mutants  of  P450  102  that 

manifest  additional  catalytic  activities,  for  example,  the  ability  to 
oxidize  organic  molecules  such  as  phenanthrene.  It  was  also 
learned  that  the  catalytic  properties  of  double  mutants  of  P450  102 
such  as  F87G,  A328G  can  not  be  predicted  from  the  catalytic 
properties  of  the  individual  mutants. 


The  most  important  result  of  this  research  is  that  we 
successfully  demonstrated  the  validity  of  our  approach  for 
generating  new  catalysts  and  genetically  engineered  organisms 
capable  of  enhancing  the  in  situ  bioremediation  of  hazardous 
environmental  contaminants  such  as  PAHs  and  organochlorine 
compounds. 
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